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Ideal Rankine Cycle (w/o Superheat)
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Table 1: Saturated Steam (by Temperature) 

 
 

Table 2: Saturated Steam (by Pressure) 
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***Looking Up f and g Values from a T-s Diagram in the Steam Tables 1 and 2*** 
 

f is any point on the steam dome left of the critical point – saturated liquid 
 
g is any point on the steam dome right of the critical point – saturated vapor 
 
f and g are both at the same pressure (and notice, both at the same temperature) 
 
fg is the difference (“distance”) between value g and value f, for example: 

sg – sf = sfg 
hg – hf = hfg 
νg - νf = νfg 

 
all values between f and g are in the saturated steam (wet vapor) phase 

 
Steam Tables 1 and 2 are the only property tables you need to solve steam cycle 
problems that do not have superheat. 
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“Steam Quality” is denoted by the variable x.  It represents the percentage of 
vapor (0% < x < 100%) in a WET VAPOR state point. 
 
In the above T-s diagram, state point 4 is a wet vapor.  This state point has a 
steam quality (x) given by: 

sf + (x4)sfg = s4 
 
Note that 3 à 4 is an isentropic expansion in the turbine (i.e. s3 = s4).  So, s3 is 
easily looked up as the sg value for 600 psia in the steam tables. 
 
Then we can look up sf and sfg values for 10 psia.  Then solve for x: 
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The counterpart variable to x is “Moisture Content” denoted by the variable m, 
and given by m = 100% – x.  It indicates the percentage of liquid (0% < m < 100%) 
in a WET VAPOR state point.  (Note: Use of m is required for the Mollier Diagram, 
which is an h-s diagram.)



The reason we solve for x is to find the value of h4 using this same technique: 
 

hf + (x)hfg = h4 
 
The above hf and hfg values for 10 psia are looked up in the steam tables. 
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Thus far we know how to solve for h1, h3, and h4.

Note: h3 ≠ h4 
 



How about solving for h2? 
 
Process 1 à 2 is work in (pump work).  This is given by: 

w12 = h1 – h2   or   wPUMP = |w12| = h2 – h1 
 
In the ideal Rankine cycle, it is an isentropic process, which makes it an ideal 
pump (i.e. 100% component efficiency).  However, we will not be setting s1 = s2 to 
solve for h2, due to the complexities of using the subcooled liquid tables (which 
you do not have). 
 
Remember that during 1 à 2, the water is in a pure liquid phase (saturated liquid 
or subcooled liquid) – that is, it is incompressible.  “Incompressible” means that 
the water has a constant specific volume, ν (assume ν 1 = ν 2 = ν f @ p1).  From a 
SFEE balance for an isentropic process, it is found that: 
 

w12 = ν 1 (p1 – p2) = h1 – h2   or   wPUMP = |w12| = ν 1 (p2 – p1) = h2 – h1 
 
Thus, the key to solving for h2 is identifying ν 1 (simply look up ν 1 = ν f @ p1) and 
identifying p1 and p2.  (Note there is an exception in the case of condenser 
subcooling where ν 1 is looked up at T1 = Tf – TSUBCOOL instead.) 
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In the case of condenser subcooling, the water leaves the condenser at a 
temperature lower than the saturated liquid temperature (Tf) of the ideal Rankine 
cycle.  HOWEVER, since the condenser is modeled as isobaric (i.e. p1 = p4), the 
new state point 1 is still along the constant pressure line, just in the subcooled 
liquid region at a LOWER temperature than Tf. 
 
Effect of subcooling: 
If condenser subcooling occurs (usually given as something like “the condensate 

leaves the condenser with 7oF subcooling”), then ν 1 (and h1) MUST NOT be 

looked up at pressure p1 in the steam table.  Instead ν 1 (and h1) must be looked 

up at the temperature T1 = Tf (@p1) – TSUBCOOL.  Since you do not have subcooled 

liquid tables, you will approximate by using the value ν f (@T1) = ν 1.

Tf 
T1 



 

Summary of enthalpy values (ideal Rankine cycle): 
 
R h1 = hf (@ p1 = p4 pressure in steam tables), except subcooling 
 
R h2 = h1 + ν 1 (p2 – p1) = h1 + wPUMP 
 
R h3 = hg (@ p2 = p3 pressure in steam tables) 
 
R h4 = hf + (x) hfg (hf and hfg are @ p1 = p4 pressure in steam tables) 

 

M NOTES: 
 
(1) DO NOT USE the pump technique for the turbine enthalpies.  That is: 

h3 ≠ h4 + ν 4 (p3 – p4) 
because, in the turbine, the water IS NOT an incompressible liquid! 
 
(2) Remember pump work in the form “ν 1 (p2 – p1)” does not directly work out to 
units of [Btu/lbm], so use appropriate conversion factors. 
 

(3) ν 1 = ν f will NOT be looked up at p1 = p4 IF there is condenser subcooling.  Use 

ν 1 @ T1 instead, where T1 = Tf (@p1) – TSUBCOOL. 

 
--------------------------------------------------------------------------------------------------------------------- 
 
FOR ANALYSIS OF A STEAM CYCLE, a state point properties table will be useful.  
For the ideal Rankine cycle, we have 4 state points, thus: 
 

 1 2 3 4 

p [psia]     

T [oF]     

h [Btu/lbm]     

s [Btu/lbm
oR]     

ν [ft3/lbm]     
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Superheat is the result of the boiler supplying enough heat (qs = h3 – h2) such that 
state point 3 (exit of the boiler) exceeds the saturation temperature (Tf = Tg) of the 
water at boiler pressure (p2 = p3).  In other words, the steam leaves the boiler in a 
superheated vapor phase. 
 
In finding h3, the only difference now is that we must use the superheated steam 
portion (table 3) of the steam tables.  Without superheat, previously, we would 
use the saturated steam (table 1 or table 2) portion of the steam tables. 



Table 3: Superheated Steam (by Pressure) 

 
 

Table 3 has a different layout than Tables 1 and 2. 
 
Generally, you will look up property values by using the boiler pressure as your 
entering argument.  Then use the maximum boiler temperature as your cross-
reference argument to find ν, h, or s. 
 
What is Sh?  This is the “degrees of superheat.”  In other words, this is the 
number of degrees (Fahrenheit) above the saturation temperature Tg. 
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Component efficiencies for the pump and turbine are similar to that of the 
compressor and turbine in the gas turbine engine: 
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The component efficiency of the boiler is very similar to the component efficiency 
of the combustion chamber in the GT engine: 
 

3 2( )
( )

−
=

&
&
STM

BOILER
FUEL

m h h
m HHV

η  

 



p1 = p4

T

s

Pump and Turbine Efficiencies (w/ superheat)

p2 = p3

1

2s
2

3

4s 4

 
 

Note: Look at h4 and h4s.  Inside the steam dome both points lie on the constant 
pressure line p1 = p4.  It may not be apparent inside the steam dome, but we find 
that (h3 - h4) < (h3 - h4s) because h4s < h4. 



1 2Steam Flow

Nozzle

 
 
Nozzles are used inside the turbine to produce a high velocity steam that strikes 
the turbine blades (which in turns causes turbine rotation to produce shaft output 
power). 
 
Remember that the working fluid, as it enters the turbine (i.e. exits the boiler), is 
now a compressible saturated vapor or superheated vapor.  If a nozzle is 
designed properly, it is possible to increase the velocity V (of a compressible 
fluid) as the nozzle cross-section area A increases.  So we find for the turbine 
nozzle: 

A2 > A1   and   V2 > V1 
 

It is useful in turbine design to analyze the SFEE properties of the turbine nozzle: 
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By assuming an adiabatic (q12 = 0) nozzle design with negligible height difference 
(z1 = z2) and no mechanical work done (w12 = 0), we are left with the following: 
 

( )2 2
2 1 1 22 cV V g h h− = −  

 
NOTES 

 
(1) DO NOT confuse the above h1 and h2 for the enthalpies at the entrance and 
exit of the pump.  These are just the enthalpies at the entrance (1) and exit (2) of 
the nozzle. 
 
(2) Usually, but not always, velocity V1 is negligible compared to velocity V2.  You 
must carefully read the problem statement to determine if you can neglect V1. 
 


